Interstitial fluid flow of alveolar primary septa after pneumonectomy.
Neoalveolation is known to occur in the remaining lung after pneumonectomy. While compensatory lung growth is a complex process, stretching of the lung tissue appears to be crucial for tissue remodeling. Even a minute shear stress exerted on fibroblasts in the interstitial space is known to trigger cell differentiation into myofibroblast that are essential to building new tissues. We hypothesize that the non-uniform motion of the primary septa due to their heterogeneous mechanical properties under tidal breathing induces a spatially unique interstitial flow and shear stress distribution in the interstitial space. This may in turn trigger pulmonary fibroblast differentiation and neoalveolation. In this study, we developed a theoretical basis for how cyclic motion of the primary septal walls with heterogeneous mechanical properties affects the interstitial flow and shear stress distribution. The velocity field of the interstitial flow was expressed by a Fourier (complex) series and its leading term was considered to induce the basic structure of stress distribution as long as the dominant length scale of heterogeneity is the size of collapsed alveoli. We conclude that the alteration of mechanical properties of the primary septa caused by pneumonectomy can develop a new interstitial flow field, which alters the shear stress distribution. This may trigger the differentiation of resident fibroblasts, which may in turn induce spatially unique neoalveolation in the remaining lung. Our example illustrates that the initial forming of new alveoli about half the size of the original ones.